The relationship between risk of death from clinical stage 1 cutaneous melanoma and thickness of primary tumour: no evidence for steps in risk M. Keefe & R.M. Mackie For and on behalf of the Scottish Melanoma Group, the Department of Dermatology, University of Glasgow and the Department of Dermatology, Royal South Hants Hospitat, Southampton, UK.
Summary Previous reports have suggested that the relationship between survival and thickness of primary cutaneous malignant melanoma is not linear, but that there are natural breakpoints at which survival worsens in a step fashion. Nine hundred and ninety-seven cases of primary cutenaous malignant melanoma less than 9.75 mm thick, excised in Scotland between 1979 and 1983 inclusive, were examined to see if this could be confirmed. An adjusted Cox's regression analysis showed that age, sex, site and thickness were all significant predictors of survival. Thickness was grouped either empirically or by the breakpoints reported by other authors. It was then entered into a model either as a regressor or as a factored variable. The ranges 0-9.75 mm and 0-2 mm were studied separately. In the 0-9.75 mm range the factored variable was a statistically significant better fit than the regressor for each set of breakpoints, including an empirical analysis with eight groups. This suggests that there is no single best fit and that a step-effect is unlikely. Across the 0-2 mm range there was no significant improvement in the fit if thickness was entered as a factored variable, again indicating that a step effect is unlikely. We argue that there is no biological or statistical evidence to support the existence of natural breakpoints.
It has consistently been shown in multivariate analyses from different countries that the thickness of the primary tumour, measured from the granular cell layer of the epidermis to the deepest malignant cell, is the most important independent predictor of survival from clinical Stage cutaneous malignant melanoma (Balch et al., 1978; Sondergaard et al., 1985; Bonett et al., 1986; Meyskens et al., 1988) .
It is helpful to the clinician to be able to categorise patients into groups with different probabilities of survival and several authors have done this using thickness as the grouping variable. Breslow (1970) (Clark level) and thickness. All variables were statistically significant predictors of survival in unadjusted analyses, but when adjusted for other variables only age, sex, thickness and site were significant (Table I) . Level of invasion (P = 0.305) and histogenetic type (P = 0.795) were not significant. Male sex, lesions on the trunk, volar or subungual sites, increasing age and increasing thickness were associated with worse survival. A recent report has suggested that melanomas on an 'axial' site (head, neck, trunk, volar and subungual) have poorer survival than those on an extremity (all other sites) and that this is an independent predictor of survival (Clark et al., 1989) . This grouping was not significant. in a separate adjusted analysis (P = 0.667). Our coding scheme did not permit grouping into BANS and non-BANS sites (Day et al., 1981b ).
If thickness is categorised as above and entered into the model as a factored variable and the hazard ratios for each thickness interval plotted at the mid-point of each interval, the hazard ratios increase as an approximately linear function of thickness with one outlying observation (deviance = 2813.263, likelihood ratio statistic = 217.031 on 13 d.f., P<0.001). We suspect that the outlying observation for the 4.76-5.75 mm group is an aberrant result as subsequent points continue in a linear fashion (Figure 1 ). If thickness is categorised, but used as a regressor, the fit is less good (deviance = 2846.124, likelihood ratio statistic = 184.170 on 7 d.f., P <0.001) and the difference is statistically significant (residual deviance = 32.861 on 6 d.f., P<0.001). If the breakpoints of other authors are used, in all cases the model with thickness entered as a factor is a statistically signifiacnt better fit than when it is entered as a regressor, but no one set of breakpoints is an outstanding fit (Table II) . Tumour thickness (mm)
1.6 1.8 2 Figure 2 Hazard ratio by tumour thickness for primary cutaneous melanoma in Scotland registered between 1979 and 1983. Hazard ratios are plotted at the mid-point of each thickness category. Range 0 -2 mm thick. n = 520. This interval was studied more closely to ensure that no breakpoints were missed in this range. The fit was not improved by entering thickness as a factored variable rather than as a regressor. This was true whether 0.1 mm increments were used or whether breakpoints described previously by other authors or the potentially best-fitting breakpoints (from examination of Figure 2) were entered. The distribution of the hazard ratios with thickness at 0.1 mm intervals is shown in Figure 2 . Sex was not a significant variable in the adjusted analysis in this thickness range. It was not possible to examine for breakpoints below 0.7 mm because of the small number of deaths amongst thinner lesions.
Discussion
For melanomas less than 9.75 mm thick there appears to be a continuous, probably linear, relationship between survival and thickness adjusted for sex, age and site. We hoped to unequivocally exclude the presence of breakpoints but we have not been able to do so. In all analyses over the 0-9.75 mm range thickness fits better as a factored variable than as a regressor but no one set of breakpoints has an advantage suggesting that there is no best fit. Indeed, our empirical use of eight groups also fitted better as a factored variable than as a regressor and it is unlikely that there would be as many as seven breakpoints. This suggests that a step effect is unlikely.
We made a separate study of all cases less than 2 mm thick Survival from clinical Stage 1 primary cutaneous malignant melanoma first registered in Scotland between 1979 and 1983 inclusive. Cases 0-2 mm thick, n = 520. HR = hazard ratio. 'All results adjusted for other variables in model. Only statistically significant results are shown. Hazard ratios for age and site derived from analysis using thickness factored in eight levels. Hazards ratios for thickness as a continuous variable were dervied from a separate analysis. using fine 0.1 mm increments to ensure that there were no breakpoints in that range which might have been overlooked. It was not possible to use a baseline group less than 0.7 mm thick as although there were seven deaths under 0.5 mm there were no deaths in the 0.5-0.7 mm range so these cases logically have to be grouped with the thinner lesions. We cannot, therefore, exclude the presence of a breakpoint in the 0.5-0.7 mm range. All the analyses done in this range showed that thickness fitted as well as a regressor as it did as a factored variable. The results, therefore, indicate that there are no breakpoints in the 0.7-2 mm range.
The analyses of other authors (Balch et al., 1978; Day et al., 1981a; Meyskens et al., 1988) have all had drawbacks. The sample sizes have been relatively small and the distribution of thickness in all series is grossly skewed towards thin tumours. Categorisation by thickness into small subgroups was likely to lead to very small numbers in some groups, particualrly in thicker categories. In the analyses used it was inevitable that breakpoints would be found due to the nature of the techniques, but these may, however, be statistical artefacts.
In conclusion, clinicians will doubtless continue to find it useful to group patients for prognostic purposes but there is no biological reason to believe that there are natural breakpoints and our results do not support the view that they exist. We think that the risk of death is probably a linear function of tumour thickness and the onus should be on the proponents of natural breakpoints to provide better biological and statistical evidence for their existence. Day (1981a) and Meyskens (1988) together with the visually best fit from Figure 2 . Cases 0-2 mm thick, n = 520. Units of deviance removed by fitting categorised thickness as a factored variable rather than as a continuous variable:
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